Based on the modern contract theory, expectancy theory, and stakeholder theory, this paper analyzes how stakeholders relationship influences the efficiency of commercial banks and finds that the efficiency is a function of stakeholders relationship. A DEA model with Seiford's linear transformation function is developed to evaluate the efficiency in consideration of the undesirable output. The panel Tobit model is established to conduct empirical research with data of 14 Chinese commercial banks from 2004 to 2012. The study finds that except for business customer relation, stakeholder relationship is the key variable that influences comprehensive efficiency of commercial banks.
Introduction
With economic globalization, the banking sector plays a more and more important role in the economy both nationally and worldwide. The efficiency of a commercial bank affects both its competitiveness and the role it plays in economic development. Therefore, how to improve the efficiency of commercial banks has always been the hot topic for academics.
With respect to evaluation research on commercial bank efficiency, most scholars measure efficiency with DEA method because it does not need production function, while they differ in choosing output indicators. For example, Drake and Hall [1] and Das and Ghosh [2] took loan, investment, and other incomes to measure the commercial bank efficiency in Japan and India, respectively. Avkiran took loan, securities, bank deposits except deposits in the central bank, and non-interest income as the output indicators [3] . Wu et al. chose loan and operating income to carry on efficiency evaluation on Canada banks [4] . Hsiao et al. selected loan, investment, commission, and handling charge to conduct efficiency evaluation on 24 banks in Taiwan [5] . Luo et al. chose other assets, cash, and deposits in central bank, customer margin, and equity as the output indicators [6] .
Wang selected interest income and non-interest income to conduct efficiency evaluation on Macau banks from 2006 to 2010 [7] . However, only a few scholars studied the undesirable output, such as Cui et al. [8] . In the process of commercial bank operation, non-performing loans and other undesirable output are inevitable. The efficiency evaluation without undesirable output affects the accuracy of the measurement and does not conform to the actual situation.
Many scholars have also studied the influence factors of commercial bank efficiency. Allen et al. studied the effect of branch number on the efficiency of American banks and found out that their inefficiency was directly related to the excessiveness of branches [9] . Drake et al. studied the impact of macroeconomic and regulatory on the efficiency of Hong Kong banks [10] . Battaglia et al. studied the influence of population density, business profit, per capita GDP, the number of ATM and POS machine, and other economic environment conditions on the efficiency of cooperative banks [11] . Hermes and Nhung studied the impact of financial liberalization on the efficiency of banks in Latin America and Asia from 1991 to 2000 and found that the financial liberalization had a significant positive correlation with bank efficiency [12] . Tanna et al. selected 17 US banks from 2001 to 2006 to study the effect of board structure and found that the board size positively affected the bank efficiency, while its structure had a more significant positive effect [13] . Sun et al. studied the impact of strategic investor on the efficiency of Chinese commercial banks under the background of regional economy, and results showed that the introduction of strategic investors can improve their efficiency [14] .
None of the above researches studied the bank efficiency from the perspective of stakeholders. Based on the stakeholder theory [15] , modern contract theory, and expectancy theory, we believe in that stakeholders affect the efficiency of commercial banks. This paper will analyze the efficiency of commercial banks from the perspective of stakeholders.
The paper is organized as follows. Section 2 mainly introduces the method of commercial bank efficiency evaluation with undesirable output and establishes the model of stakeholders relationship and bank efficiency. Section 3 conducts an empirical analysis. Section 4 draws the conclusion. [16] . Scheel got the efficiency value through classic DEA model by transforming the undesirable output into desirable one by its reciprocal [17] . These methods did not conform to the fact and resulted in inaccuracy for efficiency evaluation. Some others used SBM model to evaluate commercial bank efficiency solving above problems by putting slack variable into the objective function, while being difficult to understand and explain the specific economic implications of [18] . Based on Seiford's method turning undesirable output into desirable one by linear transformation function, this paper conducts DEA model to evaluate the efficiency [19] .
Basic Models
Suppose that there are kinds of decision making units, kinds of input, kinds of desirable output, and kinds of undesirable output. The corresponding vector matrix form is as follows:
where is the real number set, and > 0, > 0, > 0. Under the condition of constant returns to scale, the production function of commercial banks can be represented as
where represents the output sets of commercial banks, and , , represent input vector, desirable output vector, and the undesirable output vector, respectively. Undesirable output ( ) is converted into desirable output ( ) by the function of = V − , where V is big enough. The DEA model is built as follows:
where 0 is the efficiency of 0 , is weight vector, and , , are the observed input, desirable output, and undesirable output values, respectively.
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Production Function of Commercial Banks.
According to the modern contract theory, an organization is the combination of a series of contracts reached by different stakeholders. Different stakeholders meet their own interests through executing the contract, which means output is realized by stakeholder input [20] . So we can get the production function as follows:
where = ( , ) represents the various outputs, is desirable output, and is the undesirable output.
) represents the corresponding input of each stakeholder to the banks. The function signifies the bank output is determined by corresponding resources input from various stakeholders.
Input Function of Commercial Banks.
Expectancy theory [21] points out that worker always expect to meet certain needs and desire to achieve the goal set by enterprises through personal efforts. The higher rewards they earn from the enterprise, the more hardworking the employees will be. Besides employee input, commercial banks need the input of various stakeholders. So the resources put into banks by various stakeholders depend on their satisfaction degree of compensation getting from banks [22] . The stakeholder relationship is defined as the interdependence and mutual trust built by stakeholders and commercial banks during their long-term operation. The better the relation between the two, Mathematical Problems in Engineering 3 the more resources various stakeholders put into banks. And the function is as follows:
where is the same as above, = ( 1 , 2 , . . . , ) signifies stakeholder relationship, and represents the th stakeholder relationship. When / > 0, it means that the better their relationship is, the more resources the stakeholders put into banks.
Combining formulas (4) and (5), the influence of stakeholder relationship on bank output by affecting the resource input of stakeholders can be demonstrated as
Formula (6) means various stakeholders relationship can affect bank's output.
Analysis of the Link between Commercial Bank Efficiency and Stakeholders
Relationship. According to Robbins definition, efficiency is the ratio of input to output, which mean under the condition of fixed input the more the output, the higher the efficiency. Combining the analysis of formulas (5) and (6), the efficiency of commercial banks can be represented by the ratio of output ( ( )) to input ( ( )):
According to formula (7), when the efficiency reaches its maximum, the following formula is established:
Therefore, when ( / )⋅( / )⋅ ( ) = ( / )⋅ ( ), namely, / ( ) = / ( ), the efficiency of commercial bank reaches its maximum. And when / ( ) > / ( ), the output change rate brought about by stakeholder relationship is larger than the input one, improving stakeholder relationship can enhance the efficiency of commercial banks. When / ( ) < / ( ), the input change rate is larger than the output one, improving stakeholder relationship can reduce the efficiency of commercial banks.
Tobit Model of Link between Commercial Bank Efficiency and Stakeholders
Relationship. According to the above analysis, it is hypothesized that the commercial bank efficiency is the function of stakeholder relationship. As the evaluated efficiency values are between 0 and 1, this paper conducts the limited dependent variable Tobit model. Tobit model with the maximum likelihood method averts the inaccuracy of least square method estimation [23] , and Tobit model is established as follows:
where is latent variables, is the actual efficiency value, 0 is constant term, , are regression coefficient to be estimated, is independent variables which represents stakeholder relationship, and is control variables. 
Empirical Study of the
Input and Output
Indicators. This paper selects the deposit, number of employees, and fixed assets as input indicators, and operating income and non-performing loans as output indicators. Taking non-performing loans as undesirable output can more accurately measure Chinese commercial banks efficiency. The input and output indicators are shown in Table 1 .
Commercial Bank Efficiency Evaluation Based on DEA
Model. Employing the DEA model, the bank efficiency values are shown in Table 2 .
From Table 2 , we can see that the efficiency values of Chinese commercial banks from 2004 to 2012 sustain a falling trend as a whole. The efficiency values of the stateowned commercial banks are generally lower than joint-stock 
Research of Influencing Factors of the Stakeholder Relationship to Commercial Bank Efficiency
Stakeholder Relationship Indicators.
This study selects the shareholders, employees, creditors, business customers, and regulators as five major stakeholders of commercial banks. Indicators are selected to represent stakeholder relationship as follows.
(a) Shareholder Relation. Shareholders are the most important stakeholders of commercial banks. Their main concern is the benefits they can obtain after putting into corresponding funds. Return on equity is selected here to measure the relationship between shareholders and the commercial banks. It is represented by the ratio of net profit to owner's equity. The higher the indicator value, the better the relationship between shareholders and commercial banks.
(b) Employee Relation. According to the expectancy theory, the higher payment staff obtain, the more hardworking the staff will be. With comprehensive consideration to the availability of data, the ratio of cash paid to and for employees to the total assets is selected here to represent the employee relation. The higher the indicator value, the better the relationship between employee and bank.
(c) Creditor Relation. Deposit is one of the major sources of bank funds. Creditors deposit money in banks and obtain interest and principal in due time. Their main focus is that the bank can pay their due principal and interest. The creditor relation is represented by interest expense ratio, which is calculated by the ratio of interest expense to total liabilities. The higher the ratio value, the better the relationship between creditors and banks.
(d) Business Customer Relation. Business customers here mainly refer to the customers who take out loans at banks except creditors on narrow sense. The ratio of interest income to disbursement of advances and loans is used here to represent the business customer relation. The lower the ratio, the less interest the banks charge borrowers. Therefore, borrowers are willing to take out loans and the relationship between business customers and banks becomes better.
(e) Regulator Relation. The index of capital adequacy ratio (CAR) is selected here to show the relationship between the banks and regulators. CAR is a ratio of bank capital to risk assets. It is the necessary capital ratio to guarantee the normal operation and development of banks. Regulators supervise CAR to test banks' ability to resist risks. The higher the index is, the better the relationship between regulators and banks become. 
Ownership
Dummy variable 1 As the business customer relation is a negative index, the negative value of interest income ratio is used here for the consistency of the follow-up measurement results and empirical analysis. In addition, bank size and ownership structure are regarded as control variables to explain the efficiency of commercial banks [24] . The ownership structure is dummy variable, which is 1 for the state-owned banks and 0 for others. Bank scale is signified by asset indicators with standardization of extreme-value of the total assets. Variables are shown in Table 3 . Table 4 shows the descriptive statistics of each variable.
Tobit Model Regression and Result
Analysis. According to the above analysis, this paper takes bank efficiency as explained variables and the shareholder relation ( 1 ), employee relation ( 2 ), creditor relation ( 3 ), business customer relation ( 4 ), regulator relation ( 5 ), as explanatory variables and the bank scale and ownership structure as control variables. The panel Tobit model is built as follows:
where is the efficiency value of the th bank in th year, 0 is constant, 1 , 2 , 3 , 4 , and 5 mean the value of the five major stakeholders relationship of the th bank in th year, respectively, 1 and 2 mean the asset scale and ownership structure of the th bank in the th year, respectively, and 1 , 2 , 3 , 4 , 5 , 1 , and 2 are all coefficients to be estimated.
According to the Tobit model, the regression results are shown in Table 5 .
From Table 5 , the log likelihood value is 38.72 and value is 0.000, showing that Tobit model can well explain the link between stakeholders relationship and efficiency obtained by DEA. For the regression coefficients, we can find the following. (a) The shareholder relation cannot improve the efficiency of commercial banks and it is significant in statistics. Shareholder capital input change rate brought about by shareholder relation improvement is larger than output change rate, which reduces bank efficiency.
(b) Employee relation has negative correlation with the efficiency of commercial banks and it is significant under the level of 1%. High wages does not improve the bank efficiency but reduced it instead. The output change rate brought about by employee salary increase is smaller than human capital change rate, which reduces bank efficiency.
(c) Creditor relation is beneficial to the bank efficiency, and it is significant under the confidence level of 1%. This suggests that the output change rate brought about by creditor relation improvement is larger than the capital input change rate. Therefore, keeping a good relationship with creditors will promote the efficiency of banks.
(d) Business customer relation can improve the efficiency of banks, but it is not significant in statistics. The result is consistent with the facts. Given the diversity of repayment ways, time lag, and other reasons, bank efficiency is not sensitive to the business customer relation in the short term.
(e) Regulator relation is negatively related to the efficiency of commercial banks, and it is significant under 1% confidence level. The corresponding capital input change rate brought about by regulator relation improvement is larger than the output change rate, which is unfavorable to bank efficiency.
(f) In the aspect of control variables, the bank scale is negatively correlated with the efficiency of commercial banks. The result implies that China's commercial banks are in a state of diseconomies of scale, but it is not significant in statistics. The ownership structure is negatively related to the efficiency and it is significant under the confidence level of 1%. It shows that the efficiency of other joint-stock commercial banks is higher than that of the state-owned commercial banks.
Conclusion
This paper analyzes the efficiency of commercial banks from the perspective of stakeholders. According to the analysis of production function and input function of commercial banks, it concludes that the stakeholder relationship has influences on both the output and input of commercial banks. Based on the analysis of formula (8) , it proves that when the output change rate brought about by stakeholder relationship is larger than input one, the enhancement of stakeholder relationship can improve the efficiency of commercial banks. And when the input change rate brought about by stakeholder relationship is larger than output one, the enhancement of stakeholder relationship can reduce the efficiency of commercial banks. To summarize, stakeholder relationship is the key variable that influences comprehensive efficiency of commercial banks. This paper incorporates undesirable output into the efficiency analysis of the commercial bank. A DEA model with Seiford's method of linear transformation function is developed to conduct efficiency evaluation. Based on the panel of Tobit model, this paper takes 14 commercial banks as sample and carries on the empirical research between bank efficiency and the stakeholder relationship. The results show that except for business customer relation, other stakeholders relationships have significant influence on the efficiency of commercial banks. Among them, shareholder relation, employee relation, and regulator relation have negative correlation with bank efficiency, while the creditor relation is positively correlated with bank efficiency.
